. Moreover, physicians generally find that Tarragon is a perennial member of the Asteraceae family, 54 related to the herb wormwood. The herb is widely used as food 55 seasoning and as a primary flavor for some brands of carbonated 56 beverages. The plant contains compounds that help alleviate pain 57 associated with dental conditions, and that promote bile produc-58 tion and detoxification by the liver, thus aiding digestion, and they 59 may act as a mild sedative (McGuffin et al., 1997; Nestler, 2002) .
60
Tarragon may be useful in management of dysregulalated glucose 61 metabolism, including hyperglycaemia, diabetes, and related 62 metabolic syndromes (Cefalu et al., 2008; Ribnicky et al., 2009; 63 Ribnicky et al., 2006; Wang et al., 2008) . The herb may also prove 64 useful in the treatment of microbial infections (Benli et al., 2007; 65 Lopes -Lutz et al., 2008) , and has potential as an anticoagulant 66 (Shahriyary and Yazdanparast, 2007 (Cook and Brazell, 1977; Cook et al., 1976; 99 Ostling and Johanson, 1984; Ostling et al., 1987; Singh et al., 100 1988; Tice et al., 1990 Tice et al., , 1991 The preparation of the extract for use as a comet assay reagent was conducted 113 at the Department of Pharmacognosy of the School of Pharmacy, Ahwaz Jundisha-114 pur Medical Science University. Briefly, the preparation protocol utilized an etha-115 nol:water maceration method (ratio 7:3). Filtration was performed, and the 116 resulting filtrates were vacuum-evaporated, followed by a measurement of density 117 (940 mg/ml) using a pycnometer. The resulting suspension was suitable both for 118 use as a comet assay reagent, and for oral administration when testing animals in 119 liver toxicity evaluations. For comet assays, a saline buffer was included as a nega-120 tive control; sodium dichromate, a known mutagen, was used as a positive control 121 to induce DNA fragmentation, an outcome expected to be manifested as long-tailed 122 comet patterns (Bucher, 2007; Buehrlen et al., 2007; Stout et al., 2009 ), 123
Comet assay

124
Here, comet assays were performed according to the previously described 125 methodology (Collins, 2002; Kobayashi et al., 1995) . Peripheral venous blood was 126 freshly collected from healthy, non-smoking student volunteers at Jundishapur Uni-127 versity, and10 ll aliquots of were added to six numbered 2-ml screw-top tubes,
128
each containing 1 ml of Hanks Balanced Salt solution (HBSS) and test reagents (tar-129 ragon extracts and controls). Four tubes were prepared, containing 94, 188, 376, 130 and 752 mg tarragon extract at a density of 940 mg/ml. Saline buffer, the negative 131 control, was added to a fifth tube; 262 mg of sodium dichromate, the positive con-132 trol, was added to the sixth tube. Samples containing reagents and blood were incu-133 bated in a water bath for 10 min at 37°C, followed by centrifugation for five 134 minutes at 3500 rpm. The upper layer was discarded, and the pellet was dispersed 135 in 100 ll of 0.5% (low melting point) agarose in phosphate buffer.
136
The resulting cell suspensions were poured onto agarose-coated microscope 137 slides with cover slips were placed over them. After solidification, the coverslips 138 were removed and the slides were placed in lysis buffer at 4°C for one hour to dis-139 solve leukocyte cellular structures, leaving cavities containing cellular DNA. The 140 prepared slides were then electrophoresed in alkaline buffer for one hour at 25 V 141 and 300 mA, followed by three 5-min washes with neutral buffer to remove alkali 142 and detergents (which may interfere with the ethidium bromide dye uptake). Next, 143 slides were stained with ethidium bromide to label DNA and examined with a fluo-144 rescent microscope. 145
Analysis for mutagenicity of the tarragon extracts was conducted using the 146 method of Kobayashi et al. (1995) , Lankinen and Vilpo (1997) , and Tice and Vasquez 147 (1999) . Electrophoresis-induced migration patterns of DNA within the agarose were 148 graded according to length of the comet ''tail'' (the trail of DNA fragments originat-149 ing at the position of each lysed cell, visible due to staining with EtBr dye). Graded 150 values for comet tail length were established as follows: 194 and Group E: 752 mg/kg tarragon extract. These dose ranges were selected based on 195 previous evaluation of the capacity of the extract to parameters related to glucose 196 metabolism, obesity, and diabetes in mouse models (Ribnicky et al., 2009; Watcho 197 et al., 2010) 208 (i) Macroscopic examination: All mice were given a complete postmortem 209 examination (autopsy). The abdominal, thoracic, and cranial cavities were 210 examined for abnormalities, and the livers were removed, examined, and 211 fixed in 10% formalin. 212 (ii) Serum enzyme activities: Test kits purchased from Asan Pharmaceutical 213 (Seoul, Korea) were used to determine the occurrence toxic effects on liver 214 function by assessment of tarragon-mediated alteration of ALT and AST 215 activities. Changes in the activity of these enzymes are considered valid 216 indicators of the toxicity of a particular agent, and for the purpose of the 217 present study, were assayed by the method of Reitman and Frankel (1957) . 218
(iii) Histopathologic/microscopic examination: 6 lm-thick histological sections 219 were prepared from formalin-fixed livers, hematoxylin-eosin (H&E)-220 stained, and observed under a light microscope. To prepare harvested tissue 221 for examination by light microscopy, livers were removed, preserved in 10% 222 neutral phosphate-buffered formalin, and processed by routine paraffin 223 sectioning and staining with hematoxylin and eosin (H&E (Fig. 2) . MI values for Fig. 1 . DNA fragmentation (comet) patterns resulting from treatment of human blood with saline (1A), the mutagen sodium dichromate (1B), or selected doses of Tarragon extract (1C-1F) . Examination of electrophoresed, EtBr-stained, agarose slides using fluorescent microscopy at 400X magnification showed apparently strong correlation between occurrence of characteristic DNA migration (comet) patterns and bioactivity of reagents in which cells on a particular slide had been incubated.
H. Kalantari et al. / Food and Chemical Toxicology xxx (2012) creases in serum ALT ( Fig. 2A) , and AST (Fig. 2B) . As shown in 6.3 IU/l in mice receiving188 mg/kg; 262 ± 8.1 IU/l at 376 mg/kg; Table 1 Comet assay outcomes. Total number of comets defined by each of the four migration patterns observed by fluorescent microscopy ( Fig. 1 ) in four slides made from blood exposed to extracts or to control reagents. Here, mutagen index (MI), calculated according to Eq. (1) in Section 2, is a measure of the relative representation of each comet pattern all cells exposed to a particular test condition. MI values are elevated in direct proportion to the DNA fragmenting capacity of a particular reagent. predominantly Type 4 (long migration -LM) ( Fig. 1 pounds (Arykova, 1996) .
320
There is wide variability in the content of these and other com-321 ponents, depending on growth conditions for the plant at its place 322 or origin, such as soil composition, salinity, and other environmen-323 tal factors (Aglarova et al., 2008 kind that causes DNA fragmentation (Chu et al., 1999 properties observed as a result of the present study.
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